In this study, it is expected that the GeoGebra contributes to the declarative knowledge, procedural knowledge, conditional knowledge, planning, monitoring, evaluation, debugging, and information management sub-dimensions of the metacognitive awareness. In this study, an experimental research technique, which was based on the pre-and post-tests scores of the participants, of the quantitative research method was used in order to investigate the development of preservice middle school teachers' metacognitive awareness. Forty six preservice teachers who have enrolled to the department of elementary school mathematics at the faculty of education participated in the study. The preservice teachers, 25 female and 21 male, were attending to the same class. In this study, likert-type Metacognitive Awareness Inventory consisting of 52 items was used as a data collection tool. The collected data were analyzed using the SPSS 21.0 statistical package. As a result of the study, the findings suggest that teaching geometric locus in this kind of a setting is generally effective. When the collected data examined, it appeared that there was not a statistically significant difference on the Debugging sub-dimension of metacognitive awareness in which the effect size was small. In the remaining sub-dimensions, the difference was statistically significant.
Introduction
Recent studies emphasize that students should actively participate in the learning process and question themselves during this active participation. Metacognition is one of the theories that enable learners to connect new knowledge to the knowledge they have, to observe their own learning, and to internalize new knowledge by using them in new areas (Victor, 2004) . Although, metacognition was first introduced by Flavell (1998) , its history theoretically goes back to earlier years. Metacognition, which is defined in different ways by many researchers, is defined by Flavell (1979) as the knowledge that one obtains from her own cognitive experiences. Similarly, metacognition is one's thinking about his own thinking and learning processes (Garner, 1987; Welton & Mallan, 1999) . Furthermore, Gunstone and Mitchell (1998) define metacognition as a person's activation of maintaining and planning processes of her thinking practices. Therefore, metacognition involves the process of individuals' thoughts about the thinking and learning mechanisms and combining these thoughts with their experiences. Individuals organize and evaluate their own knowledge through metacognition.
Polincsar (1986) used football metaphor to explain metacognition concept in the following way: There are a number of strategies and game plans that a good football team can use during the game, but knowing these strategies theoretically is not important. A good team chooses the best strategy considering the team's purposes, strengths and weaknesses, and the strengths and weakness of its opponents, but that may not be enough. A good team constantly evaluates the appropriateness of a strategy during a game, and if not, chooses another strategy. As in the football metaphor, students also have strategies to meet their learning needs, but this is not enough for students. Students choose a strategy based on the goal of a lesson, obstacles that they face, and their own strengths and weaknesses. Everson and Tabias (1998) stated that students who equipped with effective metacognitive skills will correctly assess their knowledge, monitor their learning, update their knowledge, and make effective plans for new learning topics. Furthermore, it is important for individuals to have knowledge about their own learning and cognitive processes or to develop awareness in this context (Deseote, Roeyers & Buysse, 2001 ; Kuiper, 2002; Şen, 2012) . Schunk (1989) noted that teachers with clearer metacognitive awareness would increase their chances of developing students' cognitive and metacognitive skills. According to the research on metacognition instruction, these skills can be taught to the students directly or indirectly (Toney, 2000; Paris & Winograd, 1990 ). In addition, as stated by Hacker (1998) , metacognition instruction facilitates students' learning. Because the metacognition levels of teachers are an important factor in the development of students' metacognitive skills, it is important to examine the development of these awareness of the preservice mathematics teachers. Therefore, teacher preparation programs could provide more benefits on preservice teachers' (PSTs') teaching if these teachers were instructed about metacognitive awareness and their comprehension of this concept is satisfied.
The effect of teaching on the acquisition of metacognitive skills is much more than the influence of maturity alone (Senemoğlu, 1997) . Learners' ability to use metacognition efficiently in the processes of decision-making, in determining the appropriate strategy, and ultimately in evaluation-analysis, can be achieved in a learning environment where they can experience these processes. Smith, Ford and Kozlowski (1997) stated that learners' metacognitions may be developed by preparing environments in which they can actively participate in the learning process. On the other hand, Jones, Farquhar and Surry (1995) noted that a student's active participation in the learning process can be enhanced to the extent to which her metacognitive awareness can be improved. Hence, teachers can improve students' metacognitions by creating learning environments in which students can participate effectively in learning processes. By creating learning environments for increasing students' metacognitive knowledge and skills, their success can be further enhanced. Computer-aided learning environments can be used in overcoming such situations. Studies showed the effectiveness of computer-aided learning environments on increasing students' metacognitive knowledge and skills (Gama, 2001; Howard, McGee, Hong & Shia, 2000; Mckay, 1999; Volet, 1991) . Therefore, the potential of computer-aided software can be used in learning environments for the development of metacognition.
With computer-aided software, students perceive mathematics as a game enjoying what she has been doing and being aware of a large part of the learning role rest in her shoulders rather than abstractly perceiving mathematics as calculations and symbolic expressions (Olive, 2002) . Hazzan and Goldenberg (1997) stated that dynamic software, which is the most important of computer-aided software, allow students to concentrate more on abstract structures. One of these software, the GeoGebra, can be used with many features other than the features found in other software. The GeoGebra software is an important part of teaching mathematics with its ease of use, diverse versatility, language options, and combining both the properties of computer algebra systems (CAS) and the features of dynamic geometry software (DGS) (Hohenwarter & Jones, 2007) . GeoGebra provides fast transitions between representations by its algebra, drawing board, calculator chart, statistical calculations window, and two-dimensional window features, which enable production of mathematical symbols and graphics and transfer of these symbols and graphics to tables in a dynamic process (Dikovich, 2009; Hohenwarter & Jones, 2007) . Thus, how these features of GeoGebra can be used in the development of metacognitive awareness of PSTs has become an important research topic. The concept of geometric locus can be considered as a worthy study topic that can be investigated using GeoGebra because many cognitive processes, estimating geometric locus and evaluating own knowledge by comparing estimations with each other, can be developed using the "trace" and "geometric locus" functions (Baltaci, 2014 ).
The geometric locus, which is one of the analytical geometry concepts, was first seen in the curricula of developed countries a century ago, especially in the German curriculum (Gülkılık, 2008) . Because the geometric locus is an abstract concept, its way of reasoning, and being able to make different estimations, it has not given enough attention and had a symbolic place in the mathematics curriculum (Botana ve Valcarce, 2003; Pekdemir, 2004) .
Geometric locus defined as a point's, which moves under some specific conditions, trajectory path Therefore, it is very difficult to visualize geometric locus problems in traditional environments (Güven & Karataş, 2009 ). These difficulties can be overcome with the various icons of the GeoGebra software. The GeoGebra software is an effective tool in teaching geometric locus concept and offers new opportunities to solve such problems (Baki, Çekmez & Kösa, 2009; Baltaci, 2014; Baltaci, Yildiz & Kösa, 2015) . So far, the advantages of teaching the geometric locus concept in computer-aided environments were explained. Now, the readers may ask the following question: "Why was the geometric locus concept used in explaining metacognitive awareness?" Metacognition involves the ability of an individual's prediction, planning, monitoring, and evaluating their own mental activities (Brown, 1980) . The GeoGebra software supports the concept of geometric locus as well as estimation process, explanations of estimations, geometrical places modeled in the GeoGebra display both in the paper-pencil environment and evaluation of results after viewing these concepts on the GeoGebra screen, and correcting mistakes that students made. In addition, it is expected that the GeoGebra contributes to the declarative knowledge, procedural knowledge, conditional knowledge, planning, monitoring, evaluation, debugging, and information management sub-dimensions of the metacognitive awareness.
Metacognition is a teachable skill, and individuals are not born with this process of reasoning (Hall & Myers, 1998) . On the other hand, studies on the geometric locus concept pointed out that by the use of dynamic geometry software, those researchers were able to observe students' intuitive reasoning, and so they were able to emphasize the importance of teaching this concept, which is usually neglected in the traditional teaching settings (Baki et Real & Leung, 2006) . In this study, the effect of preservice middle school teachers' learning processes of the geometric locus concept, which is one of the analytic geometry concepts, on their metacognitive awareness is examined with the use of GeoGebra dynamic software. Moreover, unlike most researchers, this effect will be studied in all subcomponents of metacognitive awareness that will eventually provide important contributions to the field. Within this scope, the following research questions were investigated:
1. How does teaching geometric locus problems in a GeoGebra software-assisted environment effect preservice teachers' metacognitive awareness? 2. Does teaching geometric locus problems in the GeoGebra software-assisted environment provoke a significant relationship between preservice teachers' metacognitive awareness and their gender? 3. Does teaching geometric locus problems in the GeoGebra software-assisted environment provoke a significant relationship between preservice teachers' metacognitive awareness and their academic achievements? 4. Does teaching geometric locus problems in the GeoGebra software-assisted environment provoke a significant relationship between preservice teachers' metacognitive awareness and their teaching experiences?
Method
The following section covers the research model, design of the research, research group, data collection, and data analysis.
1. The Model of the Study
In this study, an experimental research technique, which was based on the pre-and post-tests scores of the participants, of the quantitative research method was used in order to investigate the development of preservice middle school teachers' metacognitive awareness. This study used an experimental method without having a control group since, except for a few universities, the mathematics education courses in the elementary mathematics education departments in Turkey are carried out in single groups due to the limited quota.
The Design of the Study
The design of the research takes place in two stages. These stages are as follows:
1. Preparation Stage
When examined the related literature, students have been found to be successful in the analytic geometry concepts if a well-organized learning setting is designed. Hence, worksheets that affect the learning setting were initially prepared through analyzing various publications on metacognition and analytical geometry. Worksheets included guidelines about how PSTs required to use the GeoGebra software during the process of discovery on related analytical geometry concepts. Next, assessments carried out by two domain experts and the necessary corrections have been made.
1. Implementation Stage
A pilot study performed after checking the compatibility of the data collection tools. Next, at the initial phase of the implementation stage, the PSTs were given a Metacognitive Awareness Inventory. Later, two-person groups formed for the dynamic software-aided learning settings. While forming those groups, coordination and level of success between the members of each group have been taken into account. A total of 23 groups have been created.
Taking courses on basic Information and Communication Technology (ICT) skills during the first year of their undergraduate education, the preservice mathematics teachers began interacting with the GeoGebra software in two courses (General Mathematics, Geometry). At the second year, GeoGebra is used only when needed for presentation purposes in Calculus I course. In addition, the PSTs were asked to use the GeoGebra software in their exams or to answer the presented questions. Hence, all participants were trained about using GeoGebra and preparing activities using it. The PSTs already had skills that were needed to construct the geometric locus situations on worksheets. Furthermore, their mathematics competency levels were sufficient enough, and they had positive attitudes towards mathematics.
The implementation stage took 6 weeks, and a total of six worksheets used in this stage. The course included geometric locus. The purpose in the course was to use the GeoGebra software as a tool to acquire the required information from the PSTs. For example, in one of the worksheets, the problem "Where is the geometric locus of the tangents that were drawn from a fixed point, A, to the circles that had O as the central-fixed point in the plane?" was asked. During the answer process, the PSTs made predictions about possible solution situations by discussing with their group mates. They then tried to explain their predictions on a paper.
For instance, for the problem above, first, the PSTs tried to explain their predictions primarily using paper-pencil and by marking two points, a circle arc and circle predictions. Afterwards, they tried to create desired drawings on the GeoGebra screen by which they were able to compare their predictions using the utilities of the software. For example, a screen shot from the work of a group who drew twopoints and a circle arc as their prediction in a paper-pencil setting ( Figure 1 ) and a screen shot from another group creating their circle prediction on the GeoGebra screen ( Figure 2 ) are given as follows: 
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As stated above, during the 6 weeks of implementation stage, geometric locus problems were provided to the PSTs using worksheets, and the responses were analyzed. At the end of the implementation stage, the Metacognitive Awareness Inventory was repeated in order to provide answers to the research questions.
3. Participants
Forty six PSTs who have enrolled to the department of elementary school mathematics at the faculty of education participated in the study. The PTSs, 25 female and 21 male, were attending to the same class.
4. The Data Collection Tools
In this study, 
5. Analysis of the Data
The collected data were analyzed using the SPSS 21.0 statistical package. The t-test was used to compare metacognition awareness and subscale scores of the PST with pre-and post-test scores and to compare differences among post-and pre-test scores with the gender and experience. In addition, the effect size was measured with Cohen d. Furthermore, the one-way analysis of variance (ANOVA) was used for investigating the relationship between the average score and scores that obtained from differences among post-and pre-test points.
Findings
In this section, the quantitative data obtained from the PSTs were discussed separately in order to clarify four research questions. The t-test and effect-size results for pre and post-test average scores on the PSTs' metacognitive awareness and its sub-dimensions are presented in Table 1 . Table 1 shows that there is not a statistically significant difference between the pre-and post-test scores and Debugging score [t(45) = -1.290, p > .05]. For the remaining sub-dimensions and overall average, there are statistically significant differences between the pre-and post-test scores. The absence of a statistically significant difference in the Debugging sub-dimension appears to have a small effect (η 2 =.024247). The t-test results and effect size analysis for the relationship between the PSTs' average gain scores, which obtained by subtracting pre-test scores from post-test scores, and gender are presented in Table 2 . Table 2 shows the gain scores, which obtained by subtracting the pre-test scores from the post-test scores. Table 2 indicates statistically significant differences between the Debugging gain scores and gender [t(44) = 2,594, p < .05]. In all other sub-dimensions, there is no significant difference between the gain scores and gender. The existence of a statistically significant difference in the Debugging subdimension appears to have a small effect (η 2 =.0776). ANOVA results of the grade point averages of the PSTS' metacognitive awareness and its subscales for the pre-and post-test score differences are presented in Table 3 . When the ANOVA results in Table 3 examined, no significant difference was found among the groups for the overall metacognition and sub-dimensions scores. Furthermore, the t-test analysis between the mean scores of the PSTs' responses on metacognitive awareness and its sub-dimensions and their teaching experiences is presented in Table 4 . When the t-test results in Table 4 are examined, it is seen that there is no statistically significant difference on overall scores between PSTs' with and without teaching experience.
Discussion and Conclusions
In this study, in a computer-assisted learning setting, the PSTs' development of metacognitive awareness and its sub-dimensions were examined on the geometric locus topic. The findings suggest that teaching geometric locus in this kind of a setting is generally effective. When the collected data examined, it appeared that there was not a statistically significant difference on the Debugging sub-dimension of metacognitive awareness in which the effect size was small. In the remaining sub-dimensions, the difference was statistically significant. When the metacognition literature is examined, it is seen that lessons thought by different computer applications precipitate using metacognitive skills before application (Gama, As the PSTs perform their duties and responsibilities in the worksheets assigned to them, fulfilling the following processes may result in such a positive result: The process of predicting and discussing their estimates with the groupmates in the paper-pencil environment, modeling these estimates on the GeoGebra software screen, trying to decide on the results, trying to do the desired tasks together with the software, and trying to overcome the difficulties that arise in this process. The appearance of such a finding in the Debugging sub-dimension may have resulted from the PSTs not being able to fully use all the icons of the software. When the PSTs are able to fully use the icons, they can see their errors following the feedbacks provided by the software and this may increase the PSTs' desires to correct their mistakes. It is important to note that the PSTs are supposed to have metacognitive awareness and have to be equipped with adequate equipment to develop their metacognitive skills. Therefore, using such applications, which foreground PSTs' thinking throughout the whole teaching process, in classrooms may provoke positive results.
When the gain scores, which were obtained by subtracting the pre-test scores from the post test scores of the metacognitive awareness scale, were examined, a statistically significant difference was found in the Debugging sub-dimension according to the gender. In all other sub-dimensions, there was no significant difference in relation to the gender. The effect size of this difference in the Debugging subdimension was small. With the appearance of such finding, one can say that girls were cognitively more resourceful than boys on strategies, such as correcting mistakes, in relation to the geometric locus concept. Similarly, Bağçeci, Döş and Sarica (2011) and Kana (2015) found that in the Debugging subdimension of metacognitive awareness, girls were more aware of and willing to correct their mistakes than boys during the instruction. In addition, Deniz, Dansız, Akgün and İşlayan (2014) found that female PSTs had higher levels of metacognitive awareness than male PSTs. Furthermore, studies show that gender differences in metacognition may be due to two important factors: social and biological differences (Kimmel, 2000 , Lowe, Mayfield & Reynold, 2003 .
When the gain scores obtained by subtracting the pre-test scores from the post-test scores of the metacognitive awareness scale were examined, it was seen that there was no significant difference between the groups in the overall metacognitive awareness score and its sub-dimensions according to the PSTs' academic grade averages. Tok, Özgan and Döş (2010) and Kana (2015) stated a statistically significant difference only between the academic grade averages and Evaluation sub-dimension of the Metacognitive Awareness Inventory. In this study, nonexistence of a significant difference between the academic grade averages and Evaluation sub-dimension can be rested on the PSTs' always taking part in the teaching process during the GeoGebra practices. In this process, the PSTs worked in groups of two and predicted the geometrical locuss assigned to them. Next, they tried to explain their predictions in the paper-pencil setting. Later, the PSTs attempted to find the geometrical locuss on the GeoGebra software that enabled them to compare their answers with previous paper-pencil predictions. This situation can be interpreted as one of the best examples of PSTs being in constant collaboration with the GeoGebra software. When the t-test results that explained the relationship between the scores obtained from Metacognitive Awareness Inventory and its sub-dimensions with the results obtained by subtracting the pre-test scores from the post-test scores are examined, it is seen that there is no statistically significant difference between the PSTs' overall metacognitive scores and the scores obtained from sub-dimensions of the inventory. This result appears to be normal since the PSTs did not have enough chance to complete their experiences with GeoGebra. The PSTs' development of metacognitive awareness can be achieved by offering teaching practice courses from the first year of the undergraduate programs, which is the starting point of the teaching profession, and these courses should continue throughout their education programs.
